D r a f t
The global human population is predicted to reach 9 billion by 2050. Meeting the 42 food security needs of this expanding population will require agricultural production 43 yields to increase substantially. Since Canada is a net exporter of many crops, it is 44 inevitable that it will play an important role in meeting this increased global demand. 45
Achieving yield increases while protecting the environmental health of the planet will 46 require innovations beyond simply increasing the use of fertilizers, water and pesticides. 47
The agricultural community has benefited from the relationships between 48 microbes and plants, and expanding our research efforts on plant-microbe interactions 49 will provide new opportunities to enhancing crop productivity. Perhaps the most well 50 recognized and exploited agricultural partnership between plants and microbes is the 51 symbiotic relationship between legumes and nitrogen fixing rhizobia. Saskatchewan, 52
Alberta and Manitoba are the leading Canadian exporters of pulse crops including peas, 53 lentils and chickpeas, and Ontario and Manitoba are the two major producers of soybean 54 in Canada. Manitoba producers have increased their soybean seeded acres by 104% from 55 2009 to 2013 (Canadian Soybean Council, 2013) , and in 2013, Saskatchewan exports of 56 lentils and peas represented 65% and 54% of the world's total exports (Bekkering 2014) . 57
The benefits of using microbes for agricultural production beyond rhizobial 58 inoculants for legumes is increasingly being recognized, and in particular, the role they 59 play within the plant's root environment known as the rhizosphere. A search of the 60 PubMed database using "rhizosphere" as the key word reveals that interest in the 61 microbiology of the rhizosphere has grown over the last 30 years (Figure 1 ). Whereas the 62 number of articles using the term rhizosphere was consistently between 15-30 63 articles/year up until 1994, the rate has been constantly increasing and has reached about 64 700 articles in 2015. Furthermore, readily accessible high throughput DNA sequencing 65 technology has led to a greater appreciation of the importance of microbial communities 66 within various environments and this has led to the subsequent widespread use of the 67 term microbiome (Cho and Blaser 2012) . In much the same way that the gut microbiome 68 directly affects human health (Turnbaugh et al. 2009) , there is an increasing realization 69 that plant health is influenced by its microbiome composition. A PubMed search using 70 the key term "plant microbiome" shows that the first publications with this key word 71 occurs in 2011. Although the number of publications is presently small, we observe a 72 steep rise in the number of publications and predict that this is the beginning of a trend 73 that will be sustained as the importance of the plant microbiome in influencing crop yield 74 becomes widely appreciated. 75
Given that Canada is a leading global exporter of important food crops and has a 76 strong agricultural research community, within academia, government and industry we 77 highlighting the increasing economic value of pulse crops such as lentils, peas, chickpeas, 95 fababeans, dry beans and soybean to Canada as an export crop and how strategic research 96 investments in key areas such as genomics, plant breeding, and production management 97 research have played a key role in the progressive success of pulse crops in 98
Saskatchewan. Phillip Poole (Oxford University, UK) focused on strategies that are 99 currently being employed to engineer nitrogen fixation into cereal crops, which include 100 altering plant perception to bacteria capable of nitrogen fixation, and the introduction of 101 genes necessary for nitrogen fixation into plant organelles. He concluded by highlighting 102 the potential of using bacteria that associate with plants as a chassis to allow bacteria to 103 D r a f t fix nitrogen and transfer nitrogen to crop plants (Geddes et al. 2015) . Gary Stacey(National Center for Soybean Biotechnology, University of Missouri, USA) gave a broad 105 overview of the inoculant industry highlighting crop biologicals such as lipo-chito-106 oligosacharide technologies (such as Optimize TM and Torque TM ) that were derived from 107 basic research (Sanjuan et al. 1995) , and are currently being used commercially as well as 108 the potential of associative nitrogen fixation to improve crop yields within non-109 leguminous plants, as opposed to adapting symbiotic nitrogen fixation (Pankievicz et al. 110 2015) . 111
The presentations provided a segue for participants to engage in roundtable 112 discussions. These discussions ultimately focused on three key areas: 1) What is the 113 future role for genetically modified microorganisms (GMMO)? 2) How does bench 114 science translate to the producer's field? 3) What are the beneficial approaches to quantify 115 the effect of the microbiome and mixed species inoculants on increasing crop yield? 116 1. The GMMO question. Consensus from the participants was that GMMOs can not be 117 discounted out of hand due to their substantial potential to improve crop yields. An 118 education strategy to inform both stakeholders and regulators needs development to 119 ensure the technology is properly understood by consumers. The workshop group 120 concluded that for a GMMO to be adopted, the technology would have to be 121 transformative to current agricultural benchmarks and the advantages to the farmer must 122 be clearly substantial. It was also pointed out that the genetic diversity that currently 123 exists within native rhizospheres has not been rigorously studied and solutions to some 124 problems may be solved by careful examination of "natural communities" that exist 125 within uncultivated native plant species that are related to crop plants. 
